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[s7] ABSTRACI‘ 
A girder de?ned by spaced apart, parallel upper and 
lower longitudinally corrugated chord plates and an 
intermediate, sinusoidal connecting member de?ning 
serially arranged, diagonally disposed webs and web 
connecting upper and lower crown sections in contact 
with the chord plates. Means is provided to assure met 
al-to-metal contact between the connecting member 
and the chord plates. The crown sections of the former 
are secured to the chord plates at their common contact 
points. The connecting member has corrugations com 
plementary to those of the chord plates. 

4 Claims, 11 Drawing Figures 
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GIRDER CONSTRUCTION 

BACKGROUND OF THE INVENTION 

The present invention relates to structural members 
such as girders which rest on spaced apart supports and 
which are capable of supporting relatively large pay 
loads. ' 

Girders as such are well-known in the art and widely 
used for spanning the distance between spaced apart 
supports such as upright building walls while carrying a 
load, e.g. a ?at building roof and roof loads such as 
snow or water. The actual construction of such girders 
varies widely depending on their span, the payload and 
the cost of materials. Generally, however, the greater 
span and/or the payload the more intricate is the con 
struction of the girders. Thus, high strength girders for 
very large loads and/ or spans invariably are fabricated 
from a variety of I-beams, channels, angles, plate and 
the like. Such girders are relatively heavy and, in view 
of today’s high material costs, are expensive for this 
reason alone. In addition, they require a great amount of 
labor to assemble them which further increases their 
cost. Nevertheless, such girders have found wide 
spread use and they continue to be used inspite of their 
cost because for many applications no feasible alterna 
tives exist. 
For light forms of constructions in which the payload 

and/or girder length is relatively smallsubstantially 
simpli?ed girders can be used. US. Pat. Nos. 1,604,150; 
2,746,580 or 3,122,224 are exemplary of such structures. 
For example, the first mentioned patent proposes a 
girder for light forms of construction such as for carry 
ing trellis which is made of a pair of parallel, spaced 
apart ?anges which are interconnected by a web mem 
ber that extends between the ?anges in a zigzag fashion. 
The ?anges and the web are provided with longitudi 
nally extending, intermittent, relatively narrow chan 
nels to achieve a nesting of all components of the girder 
and to rigidify it. 
Although the girder disclosed in that patent, as well 

as in the others eliminates a substantial portion of the 
cost which results from fabricating girders of multiple 
welded, bolted, riveted or the like components, they 
have not replaced fabricated girders for high strength 
applications. The exact reasons for this are unclear, but 
it is apparent that they include the fact that the pro?les 
suggested in the patents are incapable of carrying sub 
stantial loads over the desired spans. In addition, it is 
likely that the connections between the ?anges and the 
intermediate web members could not be made suf? 
ciently strong to carry the loads because of the rela 
tively small contact points between them which are 
unable to safely transmit large loads. 

SUMMARY OF THE INVENTION 

The present invention provides a relatively light 
weight girder adapted for high strength applications 
which does not exhibit the earlier discussed shortcom 
ings of prior art high strength girders. Generally speak 
ing, a girder constructed in accordance with the present 
invention includes an upper chord plate constructed of 
corrugated plate having alternating corrugation peaks 
and corrugation troughs of substantially like dimensions 
and a spaced apart,gsubstantially parallel lower chord 
plate. A sinusoidally undulated connection member is 
disposed between the chord plates and de?nes a plural 
ity of serially arranged, diagonal webs. The connection 
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2 
member includes at least one corrugation having a size 
and shape complementary to, the corrugations of the 
upper chord plate. Means is further provided for rigidly 
securing the connecting member to the chord plates at 
points at which they are in mutual engagement and in a 
manner which permits the transmission of large forces 
between them. 

Although, the lower chord plate may be a ?at plate, 
it preferably has the same. corrugations as the upper 
chord plate and all components of the girder, that is 
both chord plates and the connection members have 
substantially like widths. The corrugations themselves 
have a trapezoidal cross-section, a corrugation pitch of 
at least about 16 inches and a corrugation width of at 
least about 5 inches and preferably of between about 5% 
to 6 inches so as to maximize the strength of the girder 
when made from ?at sheet stock of standard width, say 
48 or 52 inches. < ' 

The connection member is de?ned by the, above men 
tioned diagonal webs which are interconnected by 
upper and lower, curved crown sections which are also 

‘ provided with corrugations. The securing means prefer 
ably includes high strength bolts, rivets or the like and 
further means which provide for a ?rm metal-to-metal 
contact between the chord plates and the respective 
crown sections so as to establish a friction lock between 
the chord plates and the connection member. The 
contact establishing means may be de?ned by a slight 
difference in the base width of the nesting corrugations 
so that the corrugation peaks extend fully into mating 
corrugation troughs until the peaks contact the troughs. 
Alternatively, if the corrugations have uniform base 
widths, means such as raised bosses formed in the chord 
plates or, preferably in the crown'sections, or in both, 
appropriately shaped washers, or the like are provided 
and located so that the bolt extends through them and, 
upon tightening, establishes the friction lock. 
The invention further provides particularly advanta 

geous manners of constructing the girder, including its 
ends by either diagonally or perpendicularly inclining 
one of the chord plates, say the lower one until it 
contacts the other chord plate. This helps to reduce 
manufacturing costs while giving the girder an attrac 
tive appearance and the desired structural integrity. 
The girder of the present invention thus combines the 

cost advantages derived from some of the above dis 
cussed prior art girder structures for light forms of 
construction with the high strength characteristics of 
fabricated prior art girders. This is accomplished by 
employing the structurally highly ef?cient, uniform 
corrugation pro?le of the present invention with simple, 
yet efficient and safe forms for the components and 
connections between them. vThus, a girder constructed 
in accordance with the present invention represent a - 
signi?cant advance in the art of girder structures, both 
from a structural and from an economic point of view. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary, enlarged side elevational 
view of a lightweight, high strength girder constructed 
in accordance with the present invention; 
FIG. 2 is an elevational view, in section, and is taken 

on line 2—2 of FIG. 1; ‘ 
FIG. 3 is an enlarged, side elevational, fragmentary 

I _view, in section, of the portion of FIG. 1 indicated by 
circular line 3; 
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FIGS. 4-7 are schematic, side elevational views of 
girders constructed in accordance with various embodi 
ments of the inventions; 
FIG. 8 is a schematic, side elevational view and is 

taken on line 8-8 of FIG. 5; 
FIGS. 9 and 10 are schematic, side elevational views, 

in section, similar to FIG. 8 but show alternative em 
bodiments of the invention; and 
FIG. 11 is a schematic, side elevational view of a 

building structure employing the girders of the present 
invention as upright and horizontal load carrying mem 
bers. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIGS. 1-3, a girder 2 constructed in 
accordance with the present invention generally com 
prises an upper chord plate 4, a lower chord plate 6 and 
an intermediate, sinusoidally undulated connecting 
member 8 de?ned by a plurality of serially arranged, 
diagonally disposed webs 10 which are interconnected 
by curved upper and lower crown sections 12 and 14, 
respectively. High strength bolts 16 (or welds, rivets or 
the like, not shown) secure the crown sections to the 
respective chord plates and thereby complete the girder 
which, in use, is suspended between spaced apart sup 
ports for carrying a payload. 
At least the upper chord plate and preferably both 

chord plates as well as the connecting member are con 
structed of corrugated plate having longitudinally run 
ning corrugations 18 de?ned by alternating corrugation 
peaks and corrugation troughs of substantially the same 
dimensions and further having a trapezoidal cross-sec 
tion as is best shown in FIG. 2. In order to attain the 
desired high strength and rigidity the corrugations have 
a pitch “P” of at least about 16 inches and a corrugation 
depth “D” of at least 5 inches and preferably of between 
5% to 6 inches. In this manner, a girder constructed from 
standard ?at sheet stock, such as 48 or 52 inch wide 
stock, can be provided with at least two full corruga 
tions. As a result, the girder has great lateral strength 
and rigidity while providing a great strength and rigid 
ity in a direction perpendicular to the chord plates and 
enabling the corrugation of the plate from flat steel 
having a yield stress of up to 50,000 psi without over 
stressing the material while it is corrugated in conven 
tional corrugating equipment such as is disclosed, for 
example, in US. Pat. No. 940,965. 
To effect the proper seating between the upper and 

lower chord plates 4, 6 and the upper and lower crown 
sections 12, 14 of connecting member 8, it is normally 
necessary to take into consideration the material thick 
ness “t” of the chord plates and the connecting member. 
In accordance with one embodiment of the invention, 
the corrugations are formed so that the base width 
“W1” and “W2” (see FIG. 2) of the corrugation peaks 
and valleys alternatingly differ. In the presently pre 
ferred embodiment of the invention, the difference be 
tween “WI” and “W2” is one plate thickness “t” so that 
the corrugation peak and valley base widths alternat 
ingly differ by approximately one material thickness. As 
a practical approximation the base widths may, for 
example, differ by 3/16", which can accommodate the 
nesting of corrugations having material thicknesses of 
A" to i", l" to 14 gauge, or 14 gauge to 14 gauge. The 
corrugation pitch “P” and depth “D”, however, remain 
unchanged. 
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4 
Alternatively, and referring momentarily particularly 

to FIG. 3, one of the corrugated plates 4, 6, and of the 
connecting member 8, and preferably the latter is pro 
vided with raised bosses or dimples 20 which have a 
generally circular con?guration and which are located 
at the nadir and zenith points of the crown sections. 
Bolt holes 22 for threaded bolts 16 are concentrically 
formed in the raised bosses. Each boss is raised from the 
curved periphery of the corresponding crown section a 
distance so that the upwardly or downwardly facing 
mating surface of the boss securely engages the oppos 
ing surface of the chord plate when the bolt is tightened 
to assure a ?rm friction connection between the two. In 
a practical embodiment of the invention in which the 
chord plate and the connecting members are con 
structed of a material having a thickness of l", the boss 
projects past the curved periphery of the crown sec 
tions 5/16". 
Under certain circumstances, it may be preferable to 

substitute appropriately shaped, e. g. curved washers 
(not shown) for the bosses. The washers are then placed 
between the chord plate and the crown section and 
upon tightening of the bolt desired friction connection 
is established. 

In the presently preferred embodiment of the inven 
tion connecting member 8 is continuous, that is it is 
made single length of initially straight corrugated plate 
which is undulated by placing it in appropriate machin 
ery to form the alternating diagonal webs 10 and the 
upper and lower crown sections 12, 14. If preferred, due 
to the available length of corrugated plate, forming 
machinery and the like connecting member may be 
assembled from serially arranged generally L-shaped, 
Z-shaped, or multiple Z-shaped sections In such an 
event, joints 24 between such sections are preferably 
placed midway between the chord plates (see FIG. 1) 
bolts 26 secure the overlapping ends of the section each 
other in a manner similar to the manner in which crown 
sections 12, 14 are secured to chord plates 4, 6. 
Under certain circumstances and load applications, it 

may be desirable to provide the connecting member 
with corrugations which differ from those of the chord 
plate. For example, the member and size of the corruga 
tions of the connecting member may be different from 
those of the chord plates. Normally, however, the cor 
rugation sizes and shapes of the chord plates and the 
connecting members will be the same. 
Ends 28 of the girder are de?ned by end plates 30 

which are preferably also constructed of the same cor 
rugated material of which the chord plates and the 
connecting member is constructed. In the embodiment 
of the invention illustrated in FIGS. 1-3, the end plate 
is vertically disposed and integrally constructed with 
the connecting member 8. A ?ange 32, attached to the 
end plate, and bolts 34, 36, rigidly connect the end plate _ 
to the upper and lower chord plates. 

Referring now to FIG. 5, a girder 38 has a somewhat 
different construction from that of the girder 2 shown in 
FIG. 1 insofar as its perpendicular end plate 40 is inte 
grally constructed with its lower chord plate 42 by ' 
deforming, e.g. bending the ends of the initially ?at 
lower chord plate 90°. In all other respects the girder 
shown in FIG. 5, including its top chord plate 4 and its 
connecting member 8 are constructed in the same man 
ner in which girder 2 shown in FIG. 1 is constructed. In 
an alternative construction, shown in FIG. 7, the per 
pendicular end plate 44 of the girder 46 has a generally 
L-shaped con?guration, is independently constructed 
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of both the lower chord plate 6 and the sinusoidally 
shaped connecting member 8, and is secured to the ends 
thereof with a set of bolts 48 or the like. The connection 
of the L-shaped end plate 44 to the upper chord plate 4 
is the same as previously discussed. I 
FIGS. 8-10 illustrate a variety of preferred girder 

cross-sections. FIG. 8 illustrates the cross-section of 
girder 38 which is de?ned by one full ~corrugation in 
cluding a corrugation peak 50 and a corrugation trough 
52 plus one ?at end ?ange 54 (or additional corrugation 
peak) Both chord plates 4, 42 and the chord plate con 
necting member 8 have the same profile or cross-sec 
tion. This structure is advantageous for relatively lesser 
load applications, such as for supporting ends of roof 
panels 56 which may be corrugated in a direction per 
pendicular to the corrugations of girder 38 with panel 
ends 58 terminating at corrugation trough 52 so that the 
trough can be employed as a water collection and drain 
age channel. 
FIG. 9 shows an alternative embodiment of the in 

vention in which a girder 60 is de?ned by relatively 
wider upper and lower chord plates 62, 64 which are 
interconnected by a correspondingly wider, sinusoi 
dally undulated connecting member 66. This girder is 
particularly adapted for supporting roofs of a greater 
width, for example, 'and/or subjected to greater pay 
loads. Roof panels 56 are carried by the girder in the 
previously described manner. 
FIG. 10 illustrates a girder 68 which is similar to the 

one shown in FIG. 9, which has upper and lower chord 
plates 70, 72 each of whichde?nes a plurality of side 
by-side parallel corrugations but which has a pair of 
relatively narrower sinusoidally undulated connecting 
members 74 which secure the chord plates to each other 
and which de?ne between themselves, an open space 
76. In all other respects, the girder is constructed in the 
same manner as was previously described. 

Referring now to FIGS. 4 and 6, in an alternative 
embodiment of the invention, a girder 78 (FIG. 4) or 80 
(FIG. 6) is constructed as above-described. Thus, each 
of them includes an upper chord plate 4 and the earlier 
described sinusoidally undulated connecting member 8. 
Girder 78 (FIG. 4) includes a lower chord plate 82, the 
ends of which are diagonally inclined to de?ne diago 
nally disposed end plates 84 which interconnect the, 
upper and the lower chord plates. Girder 80 (FIG. 6) 
includes substantially the same lower chord plate 6 as 
does girder 2 in FIG. 1,, but further includes a generally 
Z-shaped end plate 86 which is diagonally inclined with 
respect to the chord plates and which has end ?anges 88 
that are secured to the chord plates with bolts 90. 

Referring now to FIG. 11 the use of the previously 
described girders in a typical building 92 is illustrated. 
A ?rst set of vertically disposed girder posts or columns 
94 includes opposing chord plates 4, 6 which are inter 
connected by a sinusoidally undulated connecting mem 
ber 8 in the earlier described manner. A wall or sheeting 
may be applied to the outer chord plate, or the girder 
may be integrated with the wall to enclose the building 
interior. An intermediate, horizontally positioned 
girder 96 may be suitably secured to the girder post 94 
with brackets and the like (not shown) for supporting an 
intermediate building ?oor 98 while horizontally dis 
posed roof girders 100 may be directly supported on the 
upper ends of the posts for carrying the building roof 
102. It will be noted that this construction of the build 
ing and, in particular, its horizontal members gives it 
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great strength while substantially reducing its overall 
costs. 

I claim: . . ‘ 

1. A high strength, relatively lightweight girder com 
prising a substantially rigid upper chord plate and a 
substantially rigid, spaced apart, parallel. lower chord 
plate, the chord plates being constructed of corrugated 
plate, the corrugations of one chord plate being in sub 
stantial alignment with the corrugations of the other 
chord plate, the corrugations further having a generally 
trapezoidal cross-section, a corrugation pitch of at least 
about 16 inches and a corrugation depth of at leat about 
5 inches; a substantially rigid connecting member dis 
posed between the chordplates and de?ning a plurality 
of serially arranged diagonal webs and curved crown 
sections interconnecting the webs, the connecting mem~ 
ber further de?ning corrugations extending over the 
substantially full length of the connecting member in 
the direction of and in substantial alignment with the 
corrugations in the chord plates so that the corrugations 
of the connecting member nest in corresponding corru 
gations of the chord plates; an end plate at each end of 
the girder interconnecting proximate ends of the chord 
plates; bosses formed in at least one of the chord plate 
and the connecting member establishing metal-to-metal 
contact between the chord plates and the crown sec 
tions; and means securing the crown sections in the area 
of the bosses to the chord plates and for connecting the 
end plates to corresponding ends of the chord plates. 

2. A high strength, relatively lightweight girder com 
prising: spaced apart, parallel upper and lower chord 
plates at least one of which being constructed of corru 
gated plate de?ning alternating, trapezoidally shaped 
corrugation peaks and troughs of substantially like di 
mensions and extending in a longitudinal direction of 
the plates; a sinusoidally shaped chord plate connecting 
member disposed between the plates and having a suf? 
cient width so as to de?ne at least one corrugation peak 
and corrugation through which extend in the direction 
of the peaks and troughs of the at least one chord plate 
and which are sized and shaped complimentarily 
thereto, the member having a plurality of serially ar 
ranged, diagonally disposed webs interconnected by 
upper and lower crown sections; the corrugation peaks, 
and troughs of the crown sections being nested within 
corresponding corrugation peaks and troughs of the at 
least one chord plate; a boss de?ned at the corrugation 
peaks and corrugation troughs in at least one of the 
nesting portions of the crown sections and the respec 
tive chord plates so as to establish metal-to-metal 
contact areas between such corrugation peaks and cor 
rugation troughs, the areas being substantially ?at, par 
allel to and abutting against the opposing corrugation 
peak or trough; and means disposed at the bosses and 
overlying at least a portion of the areas for rigidly se 
curing the crown sections and, therewith the connect 
ing member to the respective chord plates. 

3. A lightweight, high strength girder comprising: an 
upper chord plate constructed of corrugated plate hav 
ing longitudinally extending alternating, parallel and 
substantially ?at corrugation peaks and corrugation 
troughs of substantially like shape and dimensions inter 
connected by slanted corrugation sides; a spaced apart 
lower chord plate which is substantially parallel to the 
upper chord plate; a sinusoidally undulated connection 
member disposed between the chord plates and de?ning 
a plurality of serially arranged, generally longitudinally 
directed diagonal webs disposed between the chord 
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plates, the member including at least one longitudinally 
extending corrugation shaped complimentarily to the 
corrugations of the upper chord plate and including at 
least one corrugation peak and at least one parallel 
corrugation trough nested in corresponding corruga 
tion peaks and troughs of the upper chord plate; fasten 
ing means for rigidly securing the connection member 
to the lower chord plate at points at which they are in 
mutual engagement; attaching means for rigidly secur 
ing to each other the nesting corrugation peaks and 
corrugation troughs of the upper chord plate and the 
connection member; and a generally circular boss in one 
of the upper chord plates and the connection member 
establishing abutting, substantially ?at metal-to-metal 
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contact areas at said attaching means‘between the sub 
stantially ?at corrugation peaks and troughs of the 
upper chord plate and the corrugation peaks and corru 
gation troughs of the connection member nesting 
therein, the contact areas being arranged so that they at 
least in part underlie and directly support the attaching 
means. 

4. A girder according to claim 3 wherein the boss is 
formed in the connection member, and wherein the 
fastening means comprises bolt means extending 
through aligned apertures in the boss and in the upper 
chord plate. 

text's 


